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(54) Apparatus and method for aligning semiconductor die to interconnect metal on flex 
substrate and product therefrom 



(57) A method and process sequence for accurately 
aligning (14) die (1 08) to interconnect metal (112) on flex 
substrate (100) such as polyimide flex is described. A 
mask (102) for via formation is first patterned (12) in a 
metal layer on the bottom surface of the flex substrate 
(100). Die attach means (104) such as die attach adhe- 
sive is then applied (1 3) to the top side of flex substrate 
(1 00). The bond pads (1 06) on die are locally, adaptively 
aligned (14) to the patterned metal via mask (102) on 
the flex (100) with high accuracy. Vias (110) down to the 
die bond pads (106) are then created (15) by either plas- 
ma etching or excimer laser ablation through the exist- 
ing aligned metal mask (1 02) on the flex substrate (1 00), 
and interconnect metal (112) is then deposited (16), pat- 
terned and etched (17). As a result of this process, the 
flex metal interconnect artwork does not have to be cus- 
tomized for each die misplacement using "adaptive li- 
thography". Lower cost commercially available lithogra- 
phy equipment can be used for processing, reducing 
capital equipment and processing cost. The method is 
compatible with the projected designs of the next gen- 
eration die which will have bond pads on the order of 
40p.m in size. 
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Descripti n 



[0001] This invention relates g nerally to the field of 
die placement, and in particular, to improving accuracy 
during placement of die onto a flex substrate such as 
polyimide flex. 

[0002] The technique of adaptive lithography for die 
placement involves measuring the misalignment of 
specified preexisting features (e.g. die bond pads or fi- 
ducial marks on prior metal layers), and modifying the 
routing of metal lines and vias to correspond to these 
misalignments. If one were using conventional lithogra- 
phy tools, this would be analogous to fabricating a cus- 
tom mask for each layer of artwork exposed on each 
unique part. The employment of a virtual mask (i.e., a 
mask which is written directly from computer memory 
onto the parts), and the automated customization of the 
artwork, prevents this from being cost-prohibitive. 
[0003] Yet, there are still drawbacks to this approach. 
It is capital-intensive, requiring custom equipment for 
automating the customization of the interconnect art- 
work to accommodate misalignment of die and distor- 
tion of prior layers of routing. It is also computationally 
intensive, as design rules for minimum line width and 
pitch must be followed while rerouting lines, and each 
artwork is unique to the part it represents. Finally, and 
most importantly, as currently practiced this procedure 
remains highly labor intensive. The precise measure- 
ment of misregistration of each die, and of the distortion 
of flexible substrates has not been fully automated. 
Techniques have been developed to generalize flex dis- 
tortion and reduce the number of measurements, and 
custom "Component Mapping Systems" (CMS) can be 
used to reduce the number of man-hours required to ac- 
quire the data needed to accurately customize artwork 
for each unique part. But a significant amount of opera- 
tor involvement is still required for setup, discretion (to 
supplement / override the automated vision system of 
the CMS), and tracking to ensure that the correct art- 
work is exposed on each corresponding part. 
[0004] In one form of high density interconnect (HDI) 
circuit module, an adhesive-coated polymer film overlay 
is applied over a substrate which can support integrated 
circuit chips in chip wells. Via openings are then formed 
to expose chip pads of the integrated circuit chips. The 
polymer film provides an insulated layer upon which is 
deposited a metallization pattern for interconnection of 
substrate metallization and/or individual circuit chips 
through the vias. Methods for performing an HDI proc- 
ess using overlays are further described in Eichelberger 
et al., U.S. Patent No. 4,783,695, and in Eichelberger et 
al. f U.S. Patent No. 4,933,042. Generally a plurality of 
polymer film overlays and metallization patterns are 
used. 

[0005] In another form of circuit module fabrication 
(referred to herein as chip-on-flex), as described by 
commonly assigned Cole et al., U.S. Patent No. 
5,527,741, a method for fabricating a circuit module in- 



cludes using a flexible int rconnect layer having am t- 
allized base insulative layer and an outer insulative lay- 
er. At least one circuit chip having chip pads is attached 
to the base insulative layer and vias are formed in the 
5 outer and base insulative layers to expose selected por- 
tions of the base insulative layer metallization and the 
chip pads. A substrate can be molded around the at- 
tached chip or chips. A patterned outer metallization lay- 
er is applied over the outer insulative layer extending 
10 through selected ones of the vias to interconnect select- 
ed ones of the chip pads and selected portions of the 
base insulative layer metallization. 
[0006] In the standard chip-on-flex processes such as 
disclosed in aforementioned Cole et al., U.S. Patent 
is 5,527,741 , the die are placed on flex substrate such as 
polyimide flex by interpolate alignment to "global" fidu- 
cials patterned in metal which are typically located at the 
outer extents of the module layout. The accuracy of die 
placement within 25|x of target has a of 1 .79 a (see 
20 Figure 6), wherein is defined as the "short term Sig- 
ma." Zg t is a statistical measure of how often defects (i. 
e die misplacements in this case) are likely to occur. 
The higher the sigma value, the less likely a process will 
produce defects. As a result of this, alignment of the flex 
25 metal interconnect through vias to the die bond pads is 
generally accomplished with the use of "adaptive lithog- 
raphy" such as described in Eichelberger et al., US Pat- 
ent No. 4,835,704. Adaptive lithography is a method 
which can accommodate die placement errors by creat- 
30 ing "custom" direct write artwork for the position of laser 
drilled vias and the subsequent interconnect metal pat- 
terning. Although this process works well, it requires 
custom built equipment which is expensive and relative- 
ly difficult to maintain. It also requires a very large data 
35 file to store unique artwork for each module processed. 
The resulting "adaptive" artwork also limits the design 
rules of the interconnect layout near die. This becomes 
increasingly more important as the size of die and die 
bond pads shrink. It is estimated that by the year 2007, 
40 the die bond pad size will shrink to 40u. on a 55^ pitch. 
Interconnect routing using adaptive lithography will be- 
come very difficult. 

[0007] E.W. Batch et al., "HDI Chip Attachment Meth- 
od for Reduced Processing," Application serial number 
45 [ATTORNEY DOCKET NUMBER RD-MM25449], filed 
20 September 1999, discloses a process in which vias 
are pre-drilled through flex substrate coated with adhe- 
sive. The die are then aligned to the pre-drilled vias, and 
placed in the adhesive. This method depends heavily 
50 on the flow properties of the die attach adhesive. To pro- 
vide void-free attachments, the optimum die attach ad- 
hesives for chip-on-flex flow during curing. With this 
method, adhesive also flows into the pre-drilled vias dur- 
ing the cure process, and can not be removed. If the via 
55 is not open, contact to the die bond pad can not be 
made. The pre-drilled vias in polyimide are also not an 
optimum structure for die placement alignment. 
[0008] Further, avoiding sharp via corners is typically 
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advantageous to improve reliability, reduc stress, and 
allow for more efficient interconnect routing designs. 
[0009] Thus, it is desirable to provide an alternate 
method of aligning the die to th interconnect metal on 
the flex using commercially available equipment, while 
eliminating the use of adaptive lithography and expen- 
sive custom equipment. A benefit of this would be the 
ability to accommodate multi-chip module (MCM)inter- 
connect routing necessary for the next generation die. 
[0010] It is further desirable to provide a method of 
forming non-rectangular vias, allowing the via shape, 
determined by the metal pattern and the etching tech- 
nique, to be varied. Round vias, for example, may im- 
prove reliability because they have no stress points, and 
may allow for more efficient interconnect routing de- 
signs. 

[0011] It is further desirable to provide the ability to 
remove dielectric material from the surface of MMIC or 
MEMS die for improved electrical performance or me- 
. chanical function, in large areas,. not just small vias. 
[0012] It is further desirable to enable the formation 
of vias to bond pads using any of a variety of methods 
(e.g., RIE (reactive ion etching), plasma etching, exci- 
mer ablation). 

[001 3] Briefly, in accordance with one embodiment of 
the invention, a method for aligning die to interconnect 
metal on a flex substrate to produce at least one elec- 
tronic chip package comprises patterning a mask for via 
formation in a via mask layer on a bottom surface of said 
flex substrate; and adaptively aligning at least one bond 
pad of at least one die to local fiducials of the via mask 
layer. 

[0014] As a result of this process, the flex metal art- 
work does not have to be customized for each die mis- 
placement using "adaptive lithography". Die are placed 
based on the local details of the interconnected artwork, 
rather than interconnect artwork being adapted to suit 
the prior placement of die. Lower cost commercially 
available lithography equipment can be used for 
processing, reducing capital equipment and processing 
cost. The method is compatible with the projected de- 
signs of the next generation die which will have bond 
pads on the order of 40um in size. 
[0015] The features of the invention believed to be 
novel are set forth in the appended claims. The inven- 
tion, however, together with further objects and advan- 
tages thereof, may best be understood by reference to 
the following description taken in conjunction with the 
accompanying drawing(s) in which: 
[0016] Fig. 1 contains a series of plan views illustrat- 
ing the steps of the process by which a die is aligned to 
interconnect metal on a flex substrate according to an 
embodiment of the invention. 
[0017] Fig. 2 is a plan view illustrating the desired 
alignment of a di and its die bond pads to via drop open- 
ings patterned in a metal mask layer of a flex substrate. 
[0018] Fig. 3 is a mixed plan and schematic view 
showing how a downward-looking camera is used to 



pinpoint via drop openings to which die bond pads ar 
tob aligned. 

[0019] Fig. 4 is a mixed plan and schematic vi w 
showing how an upward-looking camera is used to pin- 
5 point the locations of the die bond pads to be aligned 
with the via drop openings pinpointed in Fig. 3. 
[0020] Fig. 5 is a mixed plan and schematic view 
showing how the die bond pads are then aligned and 
pressed into alignment with the via drop openings, fol- 
io lowing the processes of Figs. 4 and 5. 

[0021] Fig. 6 is a graphical illustration of die place- 
ment accuracy obtained by prior art methods. 
[0022] Fig. 7 is a graphical illustration of the improve- 
ment in die placement accuracy obtained by an experi- 
15 mental reduction to practice of the invention. 

[0023] Referring to Fig. 1, which from top to bottom 
illustrates a die alignment process according to one em- 
bodiment of the present invention, starting with a flex 
substrate 1 00 such as polyimide flex at step 1 1 , a mask 
20 for via formation is first deposited and patterned in a 
metal via mask layer 102 on the bottom surface of flex 
substrate 100 (step 12). Importantly, the pattern incor- 
porates local reference features which precisely corre- 
spond to features on each die that will be placed on the 
25 flame. In particular, local fiducials 114 such as die drop 
locations are patterned directly into via mask layer 102. 
Via mask layer 102 does not ever have to be modified 
using adaptive lithography once die are placed, be- 
cause the via mask layer is the reference upon which 
30 all die placements and interconnect patterns are subse- 
quently based. 

[0024] Die attach means 104 such as die attach ad- 
hesive is then applied to the top side of flex substrate 
100 (step 13). Bond pads 106 on die 108 are locally 
35 aligned to local fiducials 114 patterned on metal via 
mask layer 102 and attached (using die attach means, 
e.g. adhesive 104) to flex substrate 100 with high accu- 
racy, using a novel and inventive "adaptive die place- 
ment" apparatus and method (step 14). Adaptive die 
40 placement as disclosed herein will be described in 
greater detail in connection with Figs. 2 through 5. The 
modules optionally may be encapsulated by material 
111 at this point, for example, in manner similar to that 
described in aforementioned U.S. Patent 5,527,741. 
45 [0025] Vias 1 1 0 down to die bond pads 1 06 are then 
created (opened) by any of a variety of methods, such 
as plasma etching or excimer laser ablation, through the 
existing aligned metal via mask layer 102 on flex sub- 
strate 100 (step 15). Indeed, the use of via mask layer 
50 102 for adaptive die placement has the side benefit of 
enabling a wide range of techniques to be used for via 
formation. 

[0026] Finally, interconnect metal 1 1 2 is then depos- 
ited (step 16), and patterned and etched (step 17). This 
55 results in a full chip scale package or multichip module 
1 following step 17. 

[0027] Although the steps in FIG. 1 ar all shown as 
having the same orientation, typically steps 12 and 
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15-17 are more easily performed by inverting the struo 
tur .Additionally, the terms "top" and "bottom" ar used 
for purposes of example only. 
[0028] Figs. 2 through 5 illustrate in further detail, the 
adaptive die placement leading to the configuration of 
step 14. Generally, there are three primary sources of 
die placement misalignment. Preparation of the frame 
for die placement may introduce distortion of the flex 
substrate 100 on the frame. Variability in placement of 
the frame within a die attach station may introduce trans- 
lation and rotation errors for the entire frame. Errors in 
the calibration or interpolation of robot motion across its 
working area may result in misplacement of die with re- 
spect to fiducials between which the robot motions are 
interpolated. 

[0029] These errors are accommodated so as to lead 
to the configuration resulting at step 14, using adaptive 
die placement. In particular, as shown in Fig. 2, it is de- 
sired to achieve a close alignment 302 between a se- 
lected pair of die bond pads 106 of die 108 and a corre- 
sponding selected pair of local fiducials 114, such as the 
illustrated via drop openings, patterned directly into via 
mask layer 102. 

[0030] To achieve this, die 108 are loaded with the ac- 
tive surface face down. A downward-looking camera fo- 
cuses on the reference features on a frame. A vision 
recognition system determines the location of reference 
features on the frame in a three-tiered hierarchy: "glo- 
bal" fiducials, "module" fiducials, and "local" fiducials. 
All of these fiducials are created at step 12 as part and 
parcel of via mask layer 102. Global fiducials are coarse 
features which enable the system to compensate for 
gross misalignment or rotation of the entire frame. A first 
downward-looking camera with low-magnification 
moves to a pair of standardized coordinates and locates 
the global fiducials within its field of view. These two glo- 
bal fiducials establish the location and rotation of the 
frame. A second downward-looking camera with higher- 
magnification, 500, is positioned over the coordinates 
for each pair of module fiducials. Acquisition of each pair 
of module fiducials by this higher magnification camera 
partially corrects for distortion of the flex pattern across 
the frame. Aside from the fact that these fiducials are 
created as part of the patterning of via mask layer 102, 
the two above-described alignment steps are standard 
prior art practice for fabrication of chip-on-flex modules. 
[0031] At this point, an additional novel and inventive 
alignment step takes place. High magnification, down- 
ward-looking camera 500 is positioned over the local fi- 
ducials 114 of via mask layer 102 for each die to be 
placed, and the vision system acquires the position of 
each of these local fiducial 114 features (see Fig. 3). 
The advantage to this step is that the computed inter- 
polation of the placement point for each die, based on 
the module fiducials, is supers ded by the actual posi- 
tions of local fiducial 114 features which correspond to 
the die placement. An example of this would be a field 
of metal having openings such as via drop openings act- 



ing as local fiducials 114 which correspond (302) to the 
desired placement locations of die bond pads 106 on 
die 108. Alignment to two or more of these op nings al- 
lows for more accurate placement of the die than does 

5 interpolation from a distant fiducial. Calibration errors, 
local distortions of the flex film, and other minor error 
sources are eliminated. The die is then "picked" by a 
vacuum end effector 610 and brought over an upward- 
looking camera 600 (see Fig. 4). Upward-looking cam- 

10 era 600 has approximately the same magnification as 
high magnification, downward-looking camera 500 
which acquired the local fiducials. The position of the 
bond pads 1 06 on die 1 08 corresponding to the acquired 
features of the local fiducials 114 such as the via drop 

15 openings on flex substrate 100 are captured. This pre- 
cisely determines the position and rotational orientation 
of die 108 and die bond pads 106 relative to vacuum 
end effector 610. Die 108 is then translated and rotated 
to match the desired position on flex substrate 100, and 

20 pressed against die attach means 104 on flex substrate 
100. 

[0032] In particular, as shown in detail in Fig. 3, down- 
ward-looking camera 500 emits light 510 from a light 
source associated therewith, toward and through die at- 
25 tach means 104 and flex substrate 100, each of which 
is translucent. Light rays which strike the metallic via 
mask layer 102 are reflected back toward downward- 
looking camera 500 while those directed toward the lo- 
cal fiducials 114 at the via drop openings pass through 
30 flex substrate 100 and are not reflected back, thus en- 
abling downward-looking camera 500 to detect the via 
drop openings. As illustrated schematically, a control 
system 502 accepts (506) vision recognition data from 
downward-looking camera 500, and determines and 
35 records precise positions and angular orientations of the 
via drop openings in the plane normal to light path 510 
as marked by local fiducials 114. Again, it is important 
to emphasize that in a preferred embodiment, local fi- 
ducials 1 14 are the via drop openings, which are directly 
40 patterned into metallic via mask layer 1 02. An actuator 
504 for precisely moving and angularly-orienting down- 
ward-looking camera 500 and flex substrate 1 00 relative 
to one another are controlled (508) by control system 
502. Actuator 504 typically employ numerically-control- 
45 led robotic motion technologies known in the art. In a 
preferred embodiment, flex substrate 100 occupies a 
fixed location, and downward-looking camera 500 is 
moved relative thereto. It is understood, however, that 
alternative embodiments of the invention may actually 
so move one or both of downward-looking camera 500 and 
flex substrate 100 on an absolute scale of motion to 
achieve the desired relative motion therebetween, and 
that numerous variations to achieve this relative motion 
would be apparent to someone of ordinary skill and is 
55 considered to be within the scope of this disclosure and 
its associated claims. 

[0033] At this pointi with suitable coordinates identi- 
fied for via drop openings (local fiducials 114) and r - 
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corded in control system 502, it is now known wher on 
flex substrate 100 di bond pads 106 -one these are 
empirically located - should be placed. Fig. 4 illustrates 
how die bond pads 106 ar in fact empirically located, 
using upward-looking camera 600. Vacuum end effector 
610 or a suitable substitute or equivalent picks up die 
108 with die bond pads 106. Further actuator 604 for 
precisely moving and angularly-orienting vacuum end 
effector 610 and upward-looking camera 600 relative to 
one another are also controlled (608) by control system 
502. Further actuator 604 typically employ robotic mo- 
tion technologies, and the same considerations noted 
earlierfor actuator 504 apply here as well. Upward-look- 
ing camera 600 also emits light 610 from a light source 
associated therewith. Light reflected off of die bond pads 
106 is thus used to detect the locations and angular ori- 
entations of die bond pads 106 relative to the known lo- 
cation and orientation of vacuum end effector 61 0. As a 
result, control system 502 now has all the information 
. needed to precisely align via drop openings (local fidu- 
cials 114) with die bond pads 106, see again, Fig. 2. 
[0034] Thus, as now shown in Fig. 5, control system 
502 uses the information previously captured by down- 
ward-looking camera 500 and upward-looking camera 
600 to actuate (i.e. move) (508, 608) die bond pads 106 
into alignment with the via drop openings on flex sub- 
strate 100, using the numerically-controlled robotic mo- 
tion technologies that cause actuation 508, 608. Die 
bond pads 106 are then pressed together with flex sub- 
strate 100 and in particular are pressed into die attach 
means 104 to complete the adaptive die placement. Af- 
ter (optional) encapsulation 111, the resulting configu- 
ration is that of Fig. 1 , step 14. 
[0035] This is an improvement over non-adaptive die 
attachment techniques wherein die are positioned rela- 
tive to "fiducials" on the metal artwork pattern, stepping 
a certain X and Y distance from that location to where 
the die is supposed to be on the flex. If the stepping 
stage is not calibrated, or if the flex is distorted in any 
way, the die will be misplaced. The present invention is 
also an improvement over above-discussed adaptive li- 
thography techniques which correct for the misplaced 
die by mapping where the misplaced die bond pads are 
and laser drilling a via to hit that location. In adaptive 
lithography techniques, the metal interconnect is also 
adjusted to hit the via, hence each artwork is different. 
[0036] The processes of forming the die-specific 
alignment features on the flexfilm by depositing and pat- 
terning metal via mask layer 102 on the bottom surface 
of flex substrate 100, and aligning and placing die with 
respect to these features, as illustrated in Figs. 1 
through 5, comprise adaptive die placement as dis- 
closed and understood herein. It should be noted that 
no adaptive lithography is necessary; indeed the elimi- 
nation of adaptive lithography is a useful benefit of the 
invention. Again, die are placed in reference to the in- 
terconnect pattern as opposed to th interconnect pat- 
tern being corrected in reference to the di placement. 



[0037] In the embodiment described above in which 
the die alignment features consist of a continuous field 
of metal (via mask layer 102) with local fiducials 1 14 that 
actually double as via drop openings for di bond pads 
5 106, a second novel and inventive process enhance- 
ment may be realized. In conventional drilling process- 
es., vias are drilled through a flex film to the die bond 
pads using an Argon-ion laser at 351 nm in a serial proc- 
ess which is frequently time consuming, particularly for 
10 complex modules incorporating a number of high pin 
count devices. The step is further complicated by the 
necessity of aligning to and recording the position of 
each die, as mentioned above. By contrast, an identical 
module built using the above-described metal field for 
15 adaptive die placement already has a conformal mask 
(via mask layer 1 02) integrated onto the bottom surface 
of flex substrate 100. This mask can be used to form all 
the vias to the die bond pads (step 15) using any of a 
wide variety of methods (e.g., RIE, plasma etching, ex- 
20 cimer ablation). These are all parallel methods, so the „ 
time required to form the vias is independent of the 
number of vias on the module. In short, the same via 
mask layer 102 that enables die 1 08 to be placed without 
these placements being later compensated by adaptive 
25 lithography also provides a conformal mask which ena- 
bles vias 1 1 0 to be formed using a wide range of meth- 
ods - including parallel methods - that cannot other- 
wise be employed for this purpose. 
[0038] The need for adaptive lithography subsequent 
30 to the via drilling step is dependent only on the flex dis- 
tortion, since the die and vias are located with respect 
to the preexisting alignment pattern on the flex. 
[0039] An advantage of the use of local alignment fea- 
tures for precision placement of the die on the flex sur- 
35 face is that by aligning to a conformal via mask layer 
102 for the subsequent via-forming step, precise align- 
ment of the vias to the pads is ensured 1 ) without requir- 
ing an additional alignment / adaptation iteration, 2) 
without a serial laser via-drilling operation, and (3) with- 
40 out depending on the flow properties of the die attach 
adhesive. The conformal alignment layer (via mask lay- 
er 102 ) disclosed herein overcomes the many prior art 
limitations noted earlier. 

In an experimental reduction to practice, KAPTON® 
45 polyimide (KAPTON® is a trademark of DuPont Co.) flex 
(0.5 mil thick) was metallized on both sides (top layer 
120A thick Ti / bottom layer 4.3u. thick Brite Cu), pat- 
terned, and etched. The top (die) side was patterned 
with an interconnect test pattern, and the upper side was 
so patterned with via openings. After metal etching, die at- 
tach adhesive was applied. Die were then attached us- 
ing adaptive die placement with alignment to the pat- 
terned metal via openings. The accuracy of the align- 
ment is shown in Fig. 6. Adaptive dye placement can be 
55 done within a 25ji, target with Z si = 5.98 a, which signif- 
icantly improves on Zg t = 1 .79 o for non-adaptive meth- 
ods shown in Fig. 7. 

[0040] After placement, the die attach adhesive was 
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cured. The vias were then op ned using two methods, 
laser excimer ablation (248nm KrFI excimer130 mJ, 300 
reps), and reactive ion etching (36 seem CF4 / 4 seem 
0 2 , 155mtorr, 500W) through the openings in the al- 
ready aligned metal via mask. 5 
[0041] The vias opened using reactive ion etching 
were larger than the excimer ablated vias due to lateral 
etching that occurred with the RIE conditions used. A 
more anisotropic etch is possible, which among other 
benefits, helps to avoid sharp via comers. 10 
[0042] It is understood that while a preferred embod- 
iment of the invention uses dow. sward-looking and up- 
ward-looking cameras 500 and 600 as shown and de- 
scribed in relation to a particular orientation of flex sub- 
strate 100 and die 108, an inverted embodiment, or an is 
embodiment in some other orientation, while less pre- 
ferred, is still within the scope of this disclosure and its 
associated claims. Thus, downward looking camera 500 
generalizes to a first camera 500 which is preferably ori- 
. ..ented downward but which may have a different orien- _ 20 
tation in other embodiments, while upward-looking cam- 
era 600 generalizes to a second camera 600 which is 
preferably oriented upward but also which my have a 
different orientation in other embodiments. 
[0043] For completeness, various aspects of the in- 25 
vention are set out in the following numbered clauses:- 

1. A method for aligning (302) die (108) to a via 
mask layer (102) on a flex substrate (100) to pro- 
duce at least one electronic chip package (1), com- 30 
prising the steps of: 

patterning (12) a mask for via formation in said 
via mask layer (102) on a bottom surface of said 
flex substrate (100); and 35 
adaptively aligning (302) at least one bond pad 
(106) of at least one said die (108) to at least 
one local fiducial (114) of said via mask layer 
(102). 

40 

2. The method of clause 1 , said local fiducials (114) 
comprising via drop openings. 

3. The method of clause 1, comprising the further 
stepofattaching(13, 14, 104) said at least one bond ^ 
pad (106) to a top surface of said flex substrate 
(100). 

4. The method of clause 3, said local fiducials (114) 
comprising via drop openings, comprising the fur- so 
ther step of: 

opening (15) vias (110) from said bottom sur- 
face of said flex substrate (100) to said bond pads 
(106) at said via drop openings. 

55 

5. The method of clause 4, comprising the further 
step of depositing (16), patterning and etching (17) 
interconn ct metal (112) upon said bottom surfac 



of said flex substrate (100). 

6. The method of clause 4, said step of opening (15) 
said vias (110) comprising the further step of exci- 
mer laser ablating said vias (110). 

7. The method of clause 4, said step of opening (15) 
said vias ( 1 1 0) com prising the further step of plasma 
etching said vias (110). 

8. The method of clause 1, said step of adaptively 
aligning (302) said bond pads (106) to said local fi- 
ducials (114) comprising the further steps of 

locating said local fiducials (114) using a first 
camera (500); 

locating said bond pads (106) using a second 
camera (600); and adaptively aligning (302) 
said bond pads (106) and said local fiducials 
(114) with one another based upon the loca- 
tions of said local fiducials (114) located by said 
first camera (500) and the locations of said 
bond pads (106) located by said second cam- 
era (600), using a control system (502) and ac- 
tuator (508, 608). 

9. An electronic chip package (1), produced by a 
process for aligning (302) die (108) to a via mask 
layer (1 02) on a flex substrate (1 00), comprising the 
steps of: 

patterning (12) a mask for via formation in said 

via mask layer (1 02) on a bottom surface of said 

flex substrate (100); and 

adaptively aligning (302) at least one bond pad 

(106) of at least one said die (108) to at least 

one local fiducial (114) of said via mask layer 

(102). 

10. The electronic chip package of clause 9, said 
local fiducials (114) comprising via drop openings. 

11. The electronic chip package of clause 9, said 
process of producing said chip package comprising 
the further step of: 

attaching (13, 14, 104) said at least one bond 
pad (106) to a top surface of said flex substrate 
(100). 

12. The electronic chip package of clause 11 , said 
local fiducials (114) comprising via drop openings, 
said process of producing said chip package com- 
prising the further step of: 

opening (15) vias (110) from said bottom sur- 
face of said flex substrate (100) to said bond pads 
(106) at via drop openings comprising said local fi- 
ducials (114). 
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13. The electronic chip packag of clause 12, said 
process of producing said chip packag comprising 
the further step of: 

depositing (16), patterning and etching (17) 
interconnect metal (112) upon said bottom surface 5 
of said flex substrate (100). 

14. The electronic chip package of clause 12, said 
step of opening (15) said vias (110) comprising the 
further step of excimer laser ablating said vias « 
(110). 

15. The electronic chip package of clause 12, said 
step of opening (15) said vias (110) comprising the 
further step of plasma etching said vias (110). 1> < 

16. The electronic chip package of clause 9, said 
step of adaptively aligning (302) said bond pads 
(1 06) to said local fiducials (114) comprising the fur- 
ther steps of: ^ - . . .... * 2 

locating said local fiducials (114) using a first 
camera (500); 

locating said bond pads (106) using a second 
camera (600); and 2 
adaptively aligning (302) said bond pads (106) 
and said local fiducials (114) with one another 
based upon the locations of said local fiducials 
(114) located by said first camera (500) and the 
locations of said bond pads (106) located by ; 
said second camera (600), using a control sys- 
tem (502) and actuator (508, 608). 

17. An apparatus for aligning (302) die (108) to a 
via mask layer (102) on a bottom surface of a flex 
substrate (100) to produce at least one electronic 
chip (1), comprising: 

a first camera (500) for locating local fiducials 
(114) of said via mask layer (102); 
a second camera (600) for locating bond pads 
(106) of said die (108); and 
a control system (502) and actuator (508, 608) 
for adaptively aligning (302) said bond pads 
(106) and said local fiducials (114) with one an- 
other based upon the locations of said local fi- 
ducials (114) located by said first camera (500) 
and the locations of said bond pads (106) lo- 
cated by said second camera (600). 

18. The apparatus of clause 17, said local fiducials 
(114) comprising via drop openings. 

1 9. The apparatus of clause 1 7, said control system 
(502) and actuator (508, 608) further being for at- 55 
taching (13, 14, 104) said at least one bond pad 
(106) to a top surface of said flex substrate (100). 



Claims 

1. A method for aligning (302) die (108) to a via mask 
layer(102)onaflexsubstrat (100) to produc at 
least one electronic chip package (1), comprising 
the steps of: 

patterning (12) a mask for via formation in said 
via mask layer (102) on a bottom surface of said 
flex substrate (100); and 
adaptively aligning (302) at least one bond pad 
(106) of at least one said die (108) to at least 
one local fiducial (114) of said via mask layer 
(102). 

2. The method of claim 1, said local fiducials (114) 
comprising via drop openings. 

3. The method of claim 1 , comprising the further step 
of attaching (13, 14, 104) said at least one bond pad 
(106) to a top surface of said flex substrate (100). 

k The method of claim 1 , said step of adaptively align- 
ing (302) said bond pads (1 06) to said local fiducials 
(114) comprising the further steps of: 

locating said local fiducials (114) using a first 
camera (500); 

locating said bond pads (106) using a second 
camera (600); and 

adaptively aligning (302) said bond pads (106) and 
said local fiducials (114) with one another based up- 
on the locations of said local fiducials (114) located 
by said first camera (500) and the locations of said 
bond pads (106) located by said second camera 
(600), using a control system (502) and actuator 
(508, 608). 

5. An electronic chip package (1), produced by a proc- 
ess for aligning (302) die (108) to a via mask layer 
(1 02) on a flex substrate (1 00), comprising the steps 
of: 

patterning (12) a mask for via formation in said 
via mask layer (1 02) on a bottom surface of said 
flex substrate (100); and 
adaptively aligning (302) at least one bond pad 
(106) of at least one said die (108) to at least 
one local fiducial (114) of said via mask layer 
(102). 

6. The electronic chip package of claim 5, said local 
fiducials (114) comprising via drop openings. 

7. The electronic chip packag of claim 5, said proc- 
ess of producing said chip package comprising the 
further step of: 
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attaching (13, 14, 104) said at least on bond 
pad (106) to a top surface of said flex substrate 
(100). 

8. An apparatus for aligning (302) die (108) to a via 
mask layer (102) on a bottom surface of a flex sub- 
strate (100) to produce at least one electronic chip 
(1), comprising: 

a first camera (500) for locating local fiducials 
(114) of said via mask layer (102); 
a second camera (600) for locating bond pads 
(106) of said die (108); and 
a control system (502) and actuator (508, 608) 
for adaptively aligning (302) said bond pads 
(1 06) and said local fiducials (114) with one an- 
other based upon the locations of said local fi- 
ducials (114) located by said first camera (500) 
and the locations of said bond pads (106) lo- 
cated by said second camera (600). 

9. The apparatus of claim 8, said local fiducials (114) 
comprising via drop openings. 

1 0. The apparatus of claim 8, said control system (502) 
and actuator (508, 608) further being for attaching 
(13, 14, 104) said at least one bond pad (106) to a 
top surface of said flex substrate (100). 
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FIG. 4 
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